In the present study, sardine alterations during chilled storage (0°C) were investigated by measuring the fluorescence ratio between two excitation/emission maxima (393/463 nm 327/415 nm) and compared with common quality indices.
QUALITY ASSESSMENT OF SARDINES DURING STORAGE BY

MEASUREMENT OF FLUORESCENT COMPOUNDS
Santiago P. Aubourg, Carmen G. Sotelo and José M. Gallardo In the present study, sardine alterations during chilled storage (0°C) were investigated. As a complementary experiment, sardines were also maintained at 15°C in order to accelerate all the reactions occurring at 0°C. The fluorescence shift measured as the F3/F1 ratio was studied together with other quality estimations (total volatile base-nitrogen and free fatty acids contents, formation of conjugated dienes, thiobarbituric acid index) (El Marrakchi et al., 1990; Lubis and Buckle, 1990; Hwang and Regenstein, 1993) . The behavior of all the quality indexes was tested and the usefulness of the fluorescence ratio was analyzed.
MATERIALS AND METHODS
Raw material, processing and sampling
Fresh sardines (Sardina pilchardus) were obtained in a local market. Upon arrival in our laboratory, individual fish were stored in isothermal rooms at 0°C (on ice) and 15 °C. At each temperature, sardines were divided into three batches. Samples were taken for analyses at day 1, 3, 9 and 16 in the case of storage at 0 °C, and at day 1, 2, 4 and 8 at 15 °C. In each batch of both storage temperatures, analyses were carried out on the homogenized white muscle from four individual sardines. resulting from the lipid extraction (Bligh and Dyer, 1959) .
A mixture of 5 g sardine muscle, 5 mL chloroform and 2 mg propyl gallate was prepared. Methanol and water were added to obtain a 1/2/0.8 chloroform-methanolwater ratio. The mixture was homogenized and then chloroform and water were added so that a 2/2/1.8 chloroform-methanol-water ratio was attained. The mixture was centrifuged at 3000xg for 10 min. The resulting aqueous phase was directly employed for the fluorescence determination (δF aq ). The remaining organic phase (lipids) was washed with 0.5 % sodium chloride (5 mL), then with water (5 mL) and finally dried over anhydrous sodium sulfate. The lipids extract was made up to 15 mL with chloroform and directly employed for fluorescence detection (δF Samples were previously exposed to U.V. light (350 nm) for 30 s, to destroy any retinol present. Sensitive setting was 5 (samples) and 0.5 (quinine standard solution).
Fluorescence was measured at room temperature (16-18°C) with a 10 mm path-length quartz cuvette.
Statistical analyses
Data from the different measurements of quality were subjected to the ANOVA one-way method according to Sokal and Rohlf (1981) . Correlation analysis and factor analysis (principal components) were carried out with all the variables studied. A varimax normalized rotation was employed for factor rotation.
RESULTS AND DISCUSSION
Water and lipid contents showed very little differences between the samples investigated (Tables 1 and 2 ). A slight increase in water content was observed at storage at 0°C (on ice) that can be explained as a result of contact with ice.
Quality measurements
TVB-N content did not differ significantly (Table 1 ) during the first nine days of storage at 0°C. At 16 days an increase was observed indicating the end of the lag phase of microorganisms. Similarly, Bennour et al. (1991) observed a large increase after ten days during chilling of mackerel.
At 15°C the production of volatile amines was much more rapid (Table 2 ). In this case, no lag phase could be noticed. A gradual increase was obtained throughout the storage period. El Marrakchi et al. (1990) observed a similar behavior in TVB-N production during the storage of sardines at 22-24°C. The FFA content at 0°C increased after the third day, and then remained fairly constant till the end of the storage (Table 1) . Hwang and Regenstein (1993) stored minced white muscle of mackerel at 2-3°C. During the first seven days of storage, similar behavior was obtained when compared to the present results. However, at the end of their storage (day 15) an increase in FFA content was obtained which is more like our values at 15°C. However, in the present experiment at 15°C (Table 2 ) values also increased after day 4.
At 0°C the CD content increased the first day and then remained quite constant (Table 1) . At 15°C no increase in CD until day 4 was observed, and then it remained constant till the end of the storage (day 8) ( Table 2 ). It can be concluded that the CD content did not fit as a quality measurement since dienes are relatively unstable molecules capable of interacting with other food constituents (Shimasaki et al., 1977; Cho et al., 1989; Aubourg et al., 1995) . However, in the case of starting damages, the CD measurement has been used satisfactorily as a quality determination (Sergent et al., 1993; Vossen et al., 1993) .
The TBA index (TBA-i) increased on day 3 at 0°C (Table 1 ) but decreased on day 16. At 15°C (Table 2) an increase was observed after the first day. Then, no differences were obtained throughout the storage. As in the case of CD, the TBA-i did not fit as a quality measurement since carbonyl compounds that could be measured by this method are relatively unstable molecules capable of interacting with food constituents (Igene et al., 1979; Gardner, 1979; Kim and Labella, 1987) . 
Fluorescence measurements
At 0°C (Table 1 ) both fluorescence shifts in the aqueous (δF aq ) and organic (δF or ) phases showed an increase after day 9 and at the end of the storage. During storage at 15°C (Table 2 ) an increase in both fluorescence shifts was also obtained after days 4 and 8 of storage in the aqueous phase; in the case of the organic phase, differences were only detected after day 8.
With the aim of studying the relative formation of fluorescenct compounds that are organic and water soluble, the δF or / δF aq ratios were evaluated at both temperatures of storage. At 0°C (Table 1) an increase in the proportion of the fluorescence shift of the organic phase was observed after days 3 and 9; then a decrease was obtained after the end of the storage. According to the behavior of chilled sardine (El Marrakchi et al., 1990 ) and the present results on TVB-N, it seemed as if the δF or / δF aq increased during the first stages of fish damaging (days 3 and 9); then, after day 9, when fish damage became very important, a relative decrease of the fluorescence shift of the organic phase was observed. At 15°C no changes in the δF or / δF aq ratio were observed through day 4 but an increase was obtained after day 8, compared to 0 days. Fluorescent compounds studies have been mostly carried out on organic extracts (lipids) and have led to good correlations with sensory measurements and storage times (Bouzas et al., 1985; Maruf et al., 1990; Lubis and Buckle, 1990) . However, experimental evidence has been reported demonstrating that fluorescent substances formed from oxidized membrane lipids possibly with amino compounds remain attached to the amino constituent resulting in interaction compounds quite insoluble in organic solvents (Shimasaki et al., 1984; Iio and Yoden, 1988; Hasegawa et al., 1992, 
Correlation and multivariate analyses
The different quality measurements were tested for correlation with storage time and also among themselves. Table 3 (0°C on ice) and Table 4 (complementary experiment at 15°C) present the correlation matrices for the different indicators of quality loss at both temperatures.
According to the results previously shown in Table 1 , at 0°C only three indexes (TVB-N, δF aq and δF or ) showed significant values with respect to the time of storage.
The remaining quality indexes (TBA-i, FFA and CD) did not show satisfactory correlations with the storage time. The best correlation between quality measurements was obtained for the TVB-N and δF aq (r = 0.93) ( Table 3 ). These two measurements are compared in Fig. 1 .
Very different results were obtained in the case of storage at 15°C (Table 4) . This can be explained by the fact that conditions of storage accelerated all damaging events, so that most of the indexes increased easily with time (Table 2) . All the quality measurements showed significant relationships with storage time. The highest correlations were observed for the TVB-N (r = 0.99), δF aq (r = 0.93) and FFA (r = 0.93) (Table 4) . Again, the δF aq ratio showed good correlations with other quality measurements such as TVB-N (r = 0.92) and FFA (r = 0.92) ( Table 4) . Comparison of TVB-N and δF aq measurements can be observed in Fig. 1 . In order to seggregate the different quality methods into different factors principal component analysis (PCA) was carried out with the results obtained during chilling storage. Using this method, 87.29 % of the variability of the seven variables under study could be explained with only two factors. Following a Varimax rotation (Table 5) , it was found that Factor 1 alone accounted for 60.52 % of the variability. Another group accounts for the TBA-i and FFA. Finally, the CD content can be shown isolated.
Conclusions
During storage at 0°C on ice (chilling) both fluorescence shifts (δF aq and δF or ) were useful in assessing fish damage. The remaining lipid damage measurements did not permit quality assessment throughout the whole storage period, because compounds 
